Abstract. Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer in the world, yet current treatment options are associated with limited success. The aim of the present study was to investigate the expression of ferritin in HNSCC and clarify whether it may serve as a biomarker for predicting HNSCC metastasis. The chemiluminescent immunoassay method was used to investigate the differences in the serum ferritin (SF) levels between patients with and without tumors, and between HNSCC with and without lymph node metastasis. The iron content and expression levels of ferritin were detected to verify the differences between tumor and normal tissues, and between HNSCC without and with lymph node metastasis. Data from the Gene Expression Omnibus (GEO) dataset was used to support the aforementioned results. No statistically significant difference in the SF level was observed between patients with and without tumors. Iron content and expression levels of ferritin heavy chain (FTH) and ferritin light chain (FTL) were higher in tumor tissues compared with normal tissues. The iron content and expression levels of SF, FTH and FTL were increased in HNSCC with metastasis compared with HNSCC without metastasis. The GEO dataset further verified the results and reported that the expression level of FTH was correlated with the prognosis of patients with HNSCC. Ferritin may not be a biomarker for the early diagnosis of HNSCC. However, an association exists between the expression level of ferritin and HNSCC cervical metastasis. SF may be a potential biomarker for predicting cervical lymph node metastasis in patients with HNSCC.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer in the world (1) . A total of ~600,000 new cases are reported every year, with a marked proportion of these cases in China (2) . HNSCC frequently occurs as a heterogeneous tumor with an aggressive phenotype (3) . In clinical practice, metastasis, particularly cervical lymph node metastasis, frequently occurs during the progression of the disease (4). Regional cervical lymph node metastasis is closely associated with the poor prognosis of patients with HNSCC (5) . Current treatments for HNSCC have limited success in improving patient prognosis. Therefore, identifying potential novel markers may be a promising strategy to treat HNSCC.
Iron metabolism is associated with tumor growth and promotes tumor cell proliferation in HNSCC (6, 7) . The major storage form of iron in the human body is ferritin (8) . Ferritin has been studied for nearly 80 years. However, it remains a key molecule, with novel characteristics continuing to be discovered. Recent studies revealed that the expression levels of ferritin were closely associated with a number of malignant tumors, including lung cancer (9) and primary hepatocellular carcinoma (10) . However, the role of ferritin in HNSCC tumorigenesis and development is not fully understood.
In the present study, serological and histological experiments, in addition to Gene Expression Omnibus (GEO) datasets, were used to investigate the expression levels of ferritin in HNSCC. The primary aim was to clarify whether ferritin may serve as a biomarker for HNSCC diagnosis and metastasis prediction.
Materials and methods
Patient selection for serum ferritin (SF) detection. As presented in Table I Table II . Each set contained one primary tumor tissue and one corresponding cervical lymph node tissue. The tissues were fixed in 4% formaldehyde for 24 h at 4˚C, and were routinely processed into paraffin blocks. Each tissue was divided into at least three paraffin-embedded sections: One for detecting iron content using iron staining; and the remaining two for detecting ferritin H (FTH) and ferritin L (FTL), respectively, using immunohistochemistry (IHC).
Neck color Doppler ultrasonography. The neck lymph nodes of the 70 patients with HNSCC were detected using color Doppler ultrasonography prior to surgery, and the results were obtained from the radiology department. The features of the nodes included size (longitudinal diameter, LD) and shape (long axis/short axis or L/S ratio). For size, the dividing line was 1 cm LD, and for the shape, 2x L/S ratio. Table III .
Iron staining. Iron staining (also termed Prussian blue staining) was performed using a 5% potassium hexacyanoferrate trihydrate and hydrochloric acid solution. Staining incubation time was ~30 min at room temperature. Subsequently, the sections were rinsed with water, counterstained with nuclear fast red, dehydrated, and covered.
IHC staining. The 3-5 µm sections were deparaffinized with standard pure xylene for 15 min, three times at room temperature and hydrated in an alcohol gradient. PBS was used to wash the sections. Antigen retrieval was performed in boiling citrate buffer (pH 6.0) for 15 min. The sections were cooled down to room temperature in the citrate buffer. Following washing of the sections with PBS three times for 5 min, 0.3% hydrogen peroxide phosphate-citrate buffer was used to block endogenous peroxidase activity for 10 min at room temperature. Goat serum (5%; Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China) was used to block the samples for 10 min at room temperature. The sections were then rinsed with PBS for 5 min and incubated with primary antibody against FTL (cat. no. SAB2108636; 1:500 dilution; Sigma-Aldrich, Merck KGaA, Darmstadt, Germany) and against FTH (cat. no. SAB2108662; 1:250 dilution; Sigma-Aldrich, Merck KGaA) for 12 h at 4˚C. The sections were incubated with the biotinylated goat anti-rabbit secondary antibody (cat. no. SP KIT-C9; 1:250 dilution; Fuzhou Maixin Biotech Co., Ltd.) for 30 min at room temperature. The slides were stained with diaminobenzidine for 5 min at room temperature. Hematoxylin was used to counterstain the nucleus for 5 min at room temperature, followed by dehydration, and mounting.
Evaluation of iron staining and IHC.
Images of the stained sections were captured using an Olympus BX40 light microscope and CC-12 Soft-Imaging System (Olympus Corporation, Tokyo, Japan). The sections were analyzed and scored for intensity (0-3) and frequency (0-4). The intensity was scored as follows: Grade (0) negative; grade (1) weak intensity; grade (2) moderate intensity; and grade (3) strong intensity. The frequency scores were assigned when 0-25, 26-50, 51-75 and 76-100% of the tumor cells were positive, respectively. For statistical analysis, the intensity and frequency were transformed into a Composite Expression Score (CES) using the formula: CES=intensity x frequency. The range of CES was 0-12. The CES was scored as negative (0) GEO dataset. 
Results

SF levels are higher in patients with HNSCC and metastasis compared with patients with HNSCC without metastasis.
All patients were divided into four groups: i) Inflammation; Table III . Tissue microarray characteristics. ii) benign tumor; iii) precancerosis; and iv) cancer. The SF level in the cancer group was higher compared with the benign group (Fig. 1A) . However, in male patients, no significant difference was reported among the four groups (Fig. 1B) . In female patients, the SF level in the cancer group was significantly higher compared with the benign and precancerosis groups (Fig. 1C) . The differences in the SF levels between male and female patients were compared, and the SF level of male patients was significantly higher compared with that of female patients (Fig. 1D) . Postmenopausal women had a higher SF level compared with premenopausal women (Fig. 1E ). The differences in the SF level between male and female patients were compared in each group. In general, male patients had a higher SF level compared with female patients (Fig. 1F-I ). Taking menopausal status into consideration, the SF level was reported to be higher in postmenopausal women compared with premenopausal women in the benign and inflammation groups (Fig. 1J-M) .
The SF level was compared between carcinoma in situ (n=14) and HNSCC without metastasis groups (n=40). No significant difference was observed between these two groups ( Fig. 2A) . Therefore, carcinoma in situ was considered as a part of the HNSCC without metastasis group. Subsequently, the cancer group was divided into two subgroups according to the cervical metastasis status: HNSCC with metastasis, n=30; HNSCC without metastasis, n=54. It was revealed that the SF level in the HNSCC with metastasis group was significantly higher compared with the HNSCC without metastasis group (Fig. 2B) . The ROC analysis revealed that the area under the curve (AUC) for SF to predict cervical metastasis was 0.842, and the cutoff value of the SF level was 205.55 ng/ml (Fig. 2C) .
Doppler ultrasonography may be less optimal for metastasis prediction compared with SF.
The Doppler results of the 70 patients in the cancer group were collected to further examine the importance of SF in metastasis prediction. No statistically significant difference in SF was reported between male and female patients in the cancer group (Fig. 1I) . The results of the Doppler and SF levels are presented in Table IV . No statistically significant difference in L/S ratio (Fig. 2D) and LD (Fig. 2E) was noted between these two groups, yet the SF level (Fig. 2F ) exhibited a statistically significant difference. The sensitivity of LD and the L/S ratio for detecting metastasis was 60 and 20%, and the specificity was 37.5 and 10%, respectively. The ROC analysis of the SF level revealed that the AUC for metastasis was 0.862, the cutoff value of the SF level was 205.60 ng/ml (Fig. 2G) , and the sensitivity and specificity of SF for predicting neck metastasis were 86.7 and 80.0%, respectively.
Ferritin expression levels are higher in the tumor tissues of HNSCC with metastasis.
Tissue samples of the cancer group were obtained from the pathology department to clarify whether the expression of ferritin was also upregulated in the tumor tissues of HNSCC with metastasis. IHC detection demonstrated that whether in primary tumor or lymph node tissues, levels of FTH (Fig. 3A) and FTL (Fig. 3B) were higher in the HNSCC with metastasis group compared with the HNSCC without metastasis group. Iron staining (Fig. 3C ) demonstrated that the iron content was higher in the HNSCC with metastasis group compared with the HNSCC without metastasis group, in primary tumor and lymph node tissues. Furthermore, the correlation analysis illustrated that the iron content was significantly correlated with SF, FTH and FTL (Fig. 3D) .
Expression levels of FTH and FTL are upregulated in HNSCC tissues. Based on the above findings, two TMAs were purchased to investigate the differences in the protein expression levels of FTH and FTL between HNSCC and normal tissues. However, unlike the expression of ferritin in serum, the protein expression levels of FTH (Fig. 4A and B) and FTL ( Fig. 4C and D) were significantly higher in HNSCC tissues compared with normal tissues.
The associated data from the GEO dataset were downloaded and analyzed. Using GSE33205 and GSE6631, the relative expression levels of FTH (Fig. 5A and B) and FTL ( Fig. 5C and D) were compared between HNSCC and normal tissues. The gene expression levels of FTH and FTL were higher in HNSCC compared with normal tissues, which was consistent with the histochemical findings. Furthermore, the results of GSE27020 revealed that a high expression level of FTH was associated with poor survival in patients with HNSCC (Fig. 5E) . However, no data relating to the association between FTL and survival were reported.
Discussion
Ferritin has a typical structure of a 24-subunit spherical protein encapsulating an iron oxide core (11). The subunit comprises two different types: FTH (21 kDa) and FTL (19 kDa) (12) . Only FTH has the enzymatic activity to (G) ROC curve of the SF level for predicting cervical lymph node metastasis in patients with HNSCC (cancer in situ not included) (AUC= 0.862; P<0.001; Youden's index, max=0.667; sensitivity=86.7%; specificity=80.0%; and cutoff value of SF=05.60 ng/ml). *** P<0.001. AUC, area under the curve; NS, not significant; ROC, receiver operating characteristic; SF, serum ferritin; L/S, long axis/short axis; HNSCC, head and neck squamous cell carcinoma. convert Fe 2+ into Fe 3+ (13, 14) . The SF level was higher in male patients compared with female patients. Additionally, the SF level was higher in postmenopausal women compared with premenopausal women (15) . These results are in accordance with previous findings. This may be due to menstruation, which causes a loss of ~250 mg iron per year (16) . Undiminished iron may lead to a higher SF level in postmenopausal women.
Currently, the correlation between iron metabolism and tumor development has become a major concern (17, 18) . Numerous studies have revealed that the expression levels of ferritin are upregulated in various types of tumors, including (19) . The present study demonstrated that the iron content and expression levels of ferritin were higher in HNSCC compared with normal tissues. As reported by other studies, iron metabolism is vital for normal cell function (20) . However, in tumor growth, endocytosis leads to the storage of a large amount of iron in cancer cells (21) .
On the one hand, the expression of transferrin receptor 1 (TFR1) is upregulated in the tumor membrane and transports increased levels of iron into cancer cells (22, 23) . On the other hand, the major protein that transports iron out of cells is ferroportin, and its expression is always downregulated in cancer cells (24, 25) . Therefore, a large amount of iron is stored in cancer cells and subsequently promotes the expression of ferritin. With the development of the tumor, high levels of ferritin are secreted or leaked from damaged tumor cells, leading to a higher SF level (26) . Notably, no statistically significant difference in the SF level was reported between HNSCC and benign tumors or inflammation in the present study. This may be due to that fact that in a few pathological cases, disturbance in iron metabolism may lead to a higher SF level (27) . Therefore, SF may be not a potential serum marker for the early diagnosis of HNSCC.
The present study reported that the expression levels of ferritin were significantly higher in the HNSCC with metastasis group compared with the HNSCC without metastasis group. This is the first time, to the best of our knowledge, that this phenomenon has been described. A study indicated that ferritin may regulate vascular remodeling and angiogenesis. It was also demonstrated that ferritin may block the antiangiogenic effects of cleaved high-molecular-weight kininogen (HKa) through specific binding to the antiangiogenic domain of HKa (28) . This may be a possible mechanism; however, whether it promotes the metastasis of HNSCC to cervical lymph nodes requires investigation.
Data from the GEO dataset demonstrated that high expression levels of FTH were associated with poor survival. A similar phenomenon has recently been described in breast cancer and astrocytic brain tumors (29, 30) . However, no relevant data about the prognostic value of FTL in HNSCC are available. Growing evidence suggests that artificial iron compounds may inhibit tumor growth and cell proliferation (31) (32) (33) . For example, the iron oxide nanoparticle has become a research focus; this may inhibit neoplasm growth by inducing pro-inflammatory macrophage polarization (34) .
A recent study has indicated that the surgical staging of cervical lymph nodes will not be replaced even by advanced imaging modalities in the next few years (35) . The performance of Doppler, computed tomography, magnetic resonance imaging or positron emission tomography in the nodal staging of HNSCC is not perfect in the clinical setting. The present study revealed that SF had marked clinical importance in predicting metastasis. It is an inexpensive, routinely available marker that may serve as a valuable tool and may improve predictive accuracy for lymph node metastasis of HNSCC.
In conclusion, ferritin may be used a biomarker for the early diagnosis of other malignancies, yet it may not be applicable for HNSCC. However, the association of ferritin with HNSCC may help identify patients at high risk of metastasis. Ferritin may be a novel potential biomarker for detecting cervical node metastasis in HNSCC.
consent, in accordance with the principles of the Declaration of Helsinki and Good Clinical Practice Guidelines.
Patient consent for publication
Not applicable.
